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METHOD OF FABRICATING A POLYSILICON CAPACITOR UTILIZING 
FET AND BIPOLAR BASE POLYSILICON LAYERS 

DESCRIPTION 

5 

Field of the Invention 

The present invention is directed to a method of 
fabricating integrated circuits (ICs) and, in particular 
10 to a method of fabricating a polysilicon to polysilicon, 

□ i.e., poly-poly, capacitor on a BiCMOS device utilizing a 

; '5 field effect transistor (FET) gate layer and a bipolar 

M SiGe extrinsic base polysilicon layer to form the base 

^ plates of the capacitor. More specifically, the present 

|=i5 invention is directed to a method for fabricating a poly- 

poly capacitor utilizing process steps ai^d structures 
i»g which are used to form the gate of the metal oxide 

W semiconductor (MOS) transistor and the base structure of 

the bipolar transistor in a BiCMOS (i.e., bipolar device 
i20 and complementary metal oxide semiconductor (CMOS) 

is * s device) process. 

Background of the Invention 

25 In the field of semiconductor device manufacturing, CMOS 

(complementary metal oxide semiconductor) and BiCMOS 
(bipolar device and complementary metal oxide 
semiconductor) technologies have been widely used for 
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integrating highly complex analog-digital subsystems onto 
a single chip. In such subsystems, high precision 
capacitors are typically required. 

5 Several types of capacitors are available including 

diffusion-poly capacitors, poly-poly capacitors and 
metal -metal capacitors. In order to meet the demand for 
high precision capacitors in today's generation of 
integrated devices, poly-poly capacitors have been 
10 increasingly used. 

-Li 

=F! Despite its high precision, a poly-poly capacitor is a 

^ compromise between high cost and ideal capacitor 

;n characteristics since it is relatively easy to construct, 

T5 and has electrical characteristics better than diffusion- 

poly capacitors, but inferior electrical characteristics 
H to metal -metal capacitors. However, metal -metal 

=5 capacitors are much more difficult to fabricate than are 

;f poly-poly capacitors. Thus, poly-poly capacitors are the 

2p ever increasing choice used in the semiconductor industry 

for manufacturing integrated circuits in BiCMOS 
processes . 

U.S. Patent 5,195,017 describes in its "background" 
25 section several double level polysilicon processes have 

been employed in fabricating poly-poly capacitors, i.e. 
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the so-called "Lin EPIC double level process" and the 
"4/3 Linear process". 

The Lin EPIC double level process uses a two-mask 
5 approach to define a capacitor bottom plate. The first 

polysilicon layer is masked and etched separate from the 
second polysilicon layer. Due to separate masking and 
etching steps, this prior art process is expensive, 
complicated and time consuming. Additionally, the 

10 topography that is associated with this prior art process 

requires an additional step of planarization prior to 

Ln depositing metal on the appropriate contact points . 

lift In the other double level process, namely the 4/3 Linear 

'T5 process, a single mask is used to define the bottom 

plate. The first level of polysilicon serves as the 
□ bottom plate and the CMOS gate. After the interlevel 

!;~ dielectric is formed, the second polysilicon layer is 

deposited to form the capacitor top plate. In order to 
eliminate filaments from the bottom plate edges and the 
CMOS gate edges, a large overetch is required. If there 
is a negative slope on the bottom plate edge, filaments 
will be trapped under the bottom plate. Moreover, since 
this is a double level process, the added topography also 
25 requires additional planarization prior to metallization. 
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In view of the drawbacks with prior art methods of 
fabricating poly-poly capacitors, there is a continued 
need for developing a new and improved method which 
significantly reduces the complications and expenses 
5 associated with the prior art methods . It would be 

especially beneficial if a method of fabricating a poly- 
poly capacitor could be developed which utilizes 
processing steps and structures which are also used to 
form the gate of the MOS transistor and base structure of 
10 the bipolar transistor in a BiCMOS process since such a 

l .% method would significantly reduce the number of 

U1 processing steps and costs associated with manufacturing 

!^ integrated circuits . 

! s f5 Summary of the Invention 



H One object of the present invention is to provide a 

method of fabricating a poly-poly capacitor for use in 
I s * CMOS or BiCMOS integrated circuits that is not 

%Q complicated or expensive to manufacture . 

Another object of the present invention is to provide a 
method of fabricating a poly-poly capacitor utilizing 
existing polysilicon and masking steps, thereby achieving 
25 the integration of the poly-poly capacitor into the 

BiCMOS device at a low cost . 
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A yet further object of the present invention is to 
provide a method of fabricating a poly-poly capacitor 
utilizing steps and structures that are typically used to 
form the gate of the MOS transistor and the base 
5 structure of the bipolar transistor in a BiCMOS process . 

The foregoing and other objects are achieved by 
constructing a poly-poly capacitor comprising two plate 
electrodes, wherein at least one of the plate electrodes 
10 is composed of SiGe polysilicon, said plate electrodes 

being separated by an insulating layer. 

Brief Description of the Drawings 

jt$ Figs. 1A-1G are cross-sectional views illustrating the 

basic processing steps employed in the present invention 
□ for fabricating a poly-poly capacitor in a BiCMOS device. 

^ The cross-sections are through cut B-B 1 in Fig. 2. 

;2jD Fig. 2 is a top view of the poly-poly capacitor produced 

in Figs. 1A-1G, and indicates the cut, A-A f , shown in 
Fig. 3; the illustrated capacitor structure is shown 
after metal contacts are formed in the structure of Fig. 
1G. 



BU9-99-190 



II 



13020. LSS 

G\IBM\1126\13020\SPEC\13020.LSS 



Fig. 3 is a cross -sectional view through A-A ! showing the 
need for insulating spacers on the top plate to 
electrically isolate the top plate from the bottom plate . 



10 




'£5 



Detailed Description of the Invention 



0£ > "BH^presettfe— insceixfcioft--which p^avldeti a Metitod--o3 

fabricating a poly-poly capacitor usinqfi^Tcl effect 
transistor gate and bipola^^Ge^xtr^sic polysilicon 
layers will now be descri^dmn)more detail by referring 
to the drawings tli3*^^comMnying the present 
application^ft should be noted that in the accompanying 
drawj^ja^slike and corresponding elements are referred to 



2J) 



25 



Reference is first made to Figs. 1A-1G which are cross - 
sectional views showing the various processing steps that 
are employed in the present invention in fabricating a 
poly-poly capacitor in a BiCMOS device which includes a 
bipolar device region and a MOS device region. The MOS 
device region may comprise a NMOS or a PMOS device. 
Although the figures of the present invention contain 
only one poly-poly capacitor, one MOS device and one 
bipolar device, a plurality of said devices may be 
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present in the final structure after completing the 
fabrication steps of the present invention. 

Fig. 1A illustrates an initial semiconductor structure 
that can be employed in step (a) of the present 
invention. Specifically, the initial structure shown in 
Fig. 1A comprises a substrate 10. having shallow trench 
isolation regions 12 and source/drain regions 14 formed 
in the surface of the substrate. Although shallow trench 
isolation regions are depicted and described herein, the 
present invention also contemplates deep trench as well 
as other isolation means. The substrate further includes 
a subcollector region, i.e., a N+ region, 16 which is 
shown between the two shallow trench isolation (STI) 
regions --the region between the two STI regions is the 
area of the structure in which the bipolar device will be 
formed. The initial structure also includes a FET device 
18 that comprises polysilicon gate 20, gate oxide 22 and 
spacers 24, e.g., nitride spacers, which are formed above 
the source/drain regions. Also shown in Fig. 1A, is 
bottom plate 26 which is one of the components present in 
the poly-poly capacitor of the present invention. The 
bottom plate of the poly-poly capacitor also includes 
side wall spacers 28. The bottom plate of the capacitor 
is composed of the same material as the gate of FET 
device, i.e., polysilicon. In one embodiment of the 
present invention, the bottom plate electrode is composed 
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of SiGe polysilicon. In that embodiment, gate 20 would 
also be composed of SiGe polysilicon. 

The structure shown in Fig. 1A is fabricated using 
5 conventional BiCMOS processing steps that are well known 

to those skilled in the art. Moreover, conventional 
materials are used in fabricating the same. For example, 
substrate 10 of the semiconductor structure is composed 
of any semiconducting material including, but not limited 
10 to: Si, Ge, SiGe, GaAs, InAs, InP and all other III/V 

'"S semiconducting compounds. Layered substrates comprising 

Ln the same or different semiconducting material, e.g., 

;j!T Si/SiGe, are also contemplated in the present invention. 

m Of these semiconducting materials, it is preferred that 

; ; f5 the substrate be composed of Si. The substrate may be a 

p-type substrate or a n-type substrate depending on the 
□ type of MOS device to be present in the final BiCMOS 

! S ~S structure . 

0 The structure shown in Fig. 1A is fabricated utilizing 

conventional BiCMOS processing up through formation of 
the gate. That is, a conventional base-after gate 
processing technique or any other technique capable of 
forming the structure shown in Fig. 1A can be employed in 

25 the present invention. Thus, the present invention is not 

limited to the base-after gate process described 
hereinbelow. Instead, the description that follows in 
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regard to forming the structure shown in Fig. 1A is 
provided for illustrative proposes only. In such a base- 
after gate process, the polysilicon gate is formed before 
the base epitixial silicon is grown. 

5 

Specifically, the structure shown in Fig. 1A can be 
fabricated as follows: An oxide film, e.g., Si0 2 , (not 
shown in the drawings) is formed on the surface of 
substrate 10 using a conventional deposition process such 
10 as chemical vapor deposition (CVD) , plasma-enhanced CVD 

or sputtering, or alternatively the oxide layer is grown 
in thermally. Subcollector region 16 is then formed in the 

;il substrate by utilizing a conventional ion implantation 

;;n step. After the implant step, a thick oxide, on the order 

ffi5 of about 240 nm, is grown on the surface of the substrate 

to eliminate implantation damage. Next, the thick oxide 
j 3 is etched off and an epitaxial Si layer (not shown) is 

|S grown on the surface of the substrate. 

;2p A patterned masking layer is then employed to etch 

shallow trench isolation (STI) regions in the substrate. 
The STI regions are formed by etching a trench in the 
substrate utilizing a conventional dry etching process 
such as reactive -ion etching (RIE) or plasma etching. 

25 The trenches may optionally be lined with a conventional 

liner material, e.g., an oxide, and then CVD or another 
like deposition process is used to fill the trench with 
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polysilicon or another like STI dielectric material. The 
STI dielectric may optionally be densified after 
deposition. A conventional planarization process such as 
chemical-mechanical polishing (CMP) may optionally be 
5 used to provide a planar structure. 

Next, a protective material such as Si 3 N 4 (not shown in 
the drawings) is formed over the subcol lector region of 
the structure (i.e., bipolar region) utilizing a 
10 conventional deposition process such as CVD, with a low 

"5 pressure CVD process being preferred. This layer is 

Ul formed over a thin pad oxide layer (also not shown in the 

;^ drawings) which is employed in the present invention as a 

;Tt screen oxide. After protecting the bipolar region with a 

fj5 protective layer, the FET device is completely fabricated 

and the base plate of the poly-poly capacitor is 
! ss ( simultaneously formed. Following fabrication of the FET 

device and the base plate of the poly-poly capacitor, the 
I s * protective layer is removed utilizing conventional 

I'lO stripping processes well known to those skilled in the 

art . 

The FET device is formed by utilizing conventional 
processing steps that are capable of fabricating MOS 
25 transistor devices. Included in the conventional 

transistor processing steps are: N-well for pFET 
photolithography, N-well implant, pFET thin oxide tailor 
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implant, P-well for nFET photolithography, P-well 
implant, n-FET thin oxide tailor implant, dual gate oxide 
photolithography, dual gate oxide regrowth, FET gate 
photolithography, FET gate etch, thermal oxide spacer 
5 formation, nFET extension photolithography, nFET 

extension implant (lightly doped drains (LDD) ) , first 
spacer formation, pFET extension photolithography, pFET 
extension (LDD) , second spacer deposition, second spacer 
etch, nFET S/D implant photolithography, nFET S/D 
10 anneals. 

Jl These transistor processing steps form FET device 18 in 

is the structure shown in Fig. 1A. Specifically, the FET 

j! device includes well implants (not shown) , S/D 

= C5 (source/drain) regions 14, S/D extensions (included in 

regions 14) , a gate region comprising polysilicon gate 
«=* 20, gate oxide 22 and spacers 24. The spacers depicted in 

^ the drawings include various layers that are formed on 

ss * the sidewalls of the gate region as well as a horizontal 

2f) layer that is formed on the substrate. In one embodiment 

of the present invention, gate 20 and bottom plate 26 are 

composed of SiGe polysilicon. 

As stated above, during the fabrication of the FET 
25 device, bottom polysilicon base plate 26 of the poly-poly 

capacitor is simultaneously formed. Specifically, the 
bottom base plate is formed at the same time as 
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polysilicon gate 20 by utilizing a conventional 
deposition process and thereafter both polysilicon 
regions, i.e., polysilicon gate 20 and base plate 26, are 
patterned utilizing conventional lithography and RIE. 
5 Spacers 28 are also formed at the same time as spacers 24 

and are composed of the same material . 

Next, as is shown in Fig. IB, a film stack 30 is formed 

over the surface of substrate 10 including FET device 18 
10 and bottom base plate 26. The film stack employed in the 

% present invention comprises any number of material layers 

=n provided that the film stack includes a polysilicon layer 

= 5 34. In the drawings, the film stack also includes a 

;n bottom insulator layer 32 and a top insulator layer 36. 

£5 Insulator layers 32 and 36 may be composed of the same or 

different insulator material selected from the group 
H consisting of Si0 2 , Si oxynitride and other like 

; 5 insulative materials. In one embodiment of the present 

s * invention, both insulator layers of film stack 30 are 

2p composed of Si0 2 . It is noted that the top insulator 

layer is optional in the present invention. 

In the specific embodiment illustrated in Fig. IB, film 
stack 30 is formed utilizing conventional deposition 
25 processes well known to those skilled in the art. For 

example, bottom insulator layer 32 of film stack 30 is 
formed by a conventional deposition process including, 
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but not limited to: CVD, plasma -enhanced CVD, low 
pressure CVD, sputtering and other like deposition 
processes. The thickness of the bottom insulator layer 
may vary, but typically the thickness of the bottom 
5 insulator layer is from about 50 to about 1000 A, with a 

thickness of from about 100 to about 200 A being highly 
preferred. 



Polysilicon layer 34 is then formed on top of bottom 
10 insulator layer utilizing conventional deposition 

processes such as CVD and plasma- enhanced CVD. The 
Ul thickness of the polysilicon layer is not critical to the 

'' m present invention, but typically the thickness of the 

in polysilicon layer is from about 100 to about 1000 A, with 

f£5 a thickness of from about 400 to about 500 A being highly 

preferred. 

When the top insulator layer is employed, the top 
insulator layer is formed utilizing the same deposition 

;2b process as mentioned in connection with the bottom 

insulator layer. The thickness of the top insulator layer 
may vary, but typically the thickness of the insulator 
layer is from about 100 to about 1000 A, with a thickness 
of from about 3 00 to about 500 A being highly preferred. 

25 In embodiments wherein a top insulator layer is not used, 

a mask can be employed in forming the bipolar opening. 
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After forming film stack 30 on the surface of the 
structure, a bipolar opening 38 (See, Fig. 1C) is formed 
in the structure utilizing conventional lithography and 
RIE. At this time, the collector is implanted with a N- 
5 type dopant utilizing processing steps well known to 

those skilled in the art. Specifically, the bipolar 
opening is formed by providing a patterned photoresist 
(not shown) on the surface of top insulator layer 36 (or 
on polysilicon layer 34) and then etching through film 
10 stack 30, i.e., layers 36, 34 and 32, utilizing a 

: g conventional etch process such as RIE or ion beam etching 

L -H that is highly selective in removing those layers 

j=n stopping on a protective nitride layer used previously in 

CH forming the FET device. The nitride layer is etch away 

;I5 using a wet etch process wherein a chemical etchant such 

as hot phosphoric acid is employed. It is noted that the 
^ bipolar opening is formed over subcollector region 16 and 

□ that the opening forms the region in which the bipolar 

i = f device will be subsequently formed. 

3° 

Next, if top insulator layer 36 is present, it is removed 
from the entire structure utilizing a conventional wet 
chemical etch process that is highly selective in 
removing the top insulator as compared to the underlying 
25 polysilicon layer. In this step of the present invention, 

the polysilicon layer of the film stack is exposed. Any 
chemical etchant such as buffered HF can be used in this 
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step of the present invention. It is noted that this step 
also removes the base pad oxide layer mentioned above 
from the emitter region of the structure. If no top 
insulator layer is employed, this removal step can be 
5 avoided . 

After removal of the optional top insulator layer and the 
base pad oxide layer from the structure, a SiGe epi layer 
40 is formed in the bipolar opening and, at the same 
10 time, a SiGe polysilicon film 42 is formed over portions 

of the exposed polysilicon layer, See Fig. ID. SiGe 
Lfl layers 40 and 42 are formed in the present invention by 

;^ utilizing a deposition process, wherein the deposition 

U\ temperature is low, i.e., less than 900°C. More 

ffjS specifically, the deposition temperature used in this 

step of the present invention is from about 400° to about 
|=3 500 °C. The thickness of these two SiGe layers may vary, 

^ and not need be the same; however, it is preferred in the 

1^ present invention that SiGe epi layer 40 and SiGe 

: 2D polysilicon film layer 42 have the same thickness. 

Typically, the thickness for each of these two low 
temperatures SiGe layers is from about 1000 to about 5000 
A, with a preferred thickness for each layer being of 
from about 2000 to about 2500 A. It is noted that the 
25 SiGe layer contains the P-doped intrinsic base. 



BU9-99-190 




13020. LSS 

G\IBM\1126\13020\SPEC\13020.LSS 

The bipolar region has an extrinsic base that is self- 
aligned to bipolar opening 38, The poly-poly capacitor, 
on the other hand, may be produced with a non self- 
aligned process. Several sacrificial layers (not shown in 
5 the drawings) and passivating layers, e.g., 

oxide/nitride, are then formed over the structure and 
etched by conventional means, e.g., RIE, to form 
sacrificial spacers (also not shown in the drawings) and 
patterned passivating layers 50. SiGe epi layer 40 is 
10 then doped with a P+ dopant (or N+ dopant) utilizing a 

= g conventional ion implantation process, A preferred P+ 

Jl dopant employed in this step of the present invention is 

m boron and the preferred dose is 4xl0 15 atoms/cm 2 . It is 

:n noted that during this implantation step, SiGe 

t5 polysilicon layer 42 is also doped with a P+ dopant (N+ 

dopant) . The sacrificial spacers used above are then 
3 removed so as to open the emitter window, while patterned 

=*j passivating layers 50 remain in the structure forming an 

b ™ emitter window. 

3o 

The emitter is formed by depositing polysilicon over the 
emitter window utilizing a conventional deposition 
process such as CVD, plasma -enhanced CVD, sputtering and 
other like deposition processes. The thickness of the 
25 emitter polysilicon is from about 500 to about 5000 A, 

with a thickness of from about 1000 to about 1600 A being 
more preferred. The emitter polysilicon is then heavily 
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doped with a N+ type dopant such as As (or alternatively 
a P+ type dopant) and thereafter the emitter polysilicon 
is patterned by employing conventional lithography and 
etching. The structure that results from the above 
5 processing steps is illustrated in Fig. ID. The emitter 

depth is set by utilizing a high temperature (900°- 
1100°C) rapid thermal anneal process. 

The mask used to pattern emitter polysilicon 52 is then 
10 removed from the structure utilizing conventional 

'*% stripping processes well known to those skilled in the 

Lfl art and thereafter etch masks 46a and 46b are formed over 

;|~ the bipolar device region of the structure as well as 

fn over the area of the structure which includes the bottom 

;T5 base plate, i.e., poly-poly capacitor region. The 

structure including the two etch masks is shown in Fig. 
S IE. The two etch masks are formed utilizing conventional 

^ lithography and etching. After formation of the etch 

i s « masks, exposed portions of doped polysilicon film 42 and 

;2S) the remaining layers of film stack 30, i.e., layers 32 

and 34, are removed utilizing a conventional wet chemical 
etch process that is highly selective in removing those 
layers from the structure. The structure after removing 
the exposed portions of the doped polysilicon film and 
25 the remaining layers of the film stack is shown in Fig. 

IE. 
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Fig. IF show the structure after the two etch masks have 
been removed utilizing conventional stripping processes 
that are well known to those skilled in the art. 
Specifically, the structure shown in Fig. IE, includes 
5 FET device region 18, a completed bipolar device region 

48 and poly-poly capacitor region 49. 

Reference is now made to Fig. 1G which illustrates a 
blown-up portion of the structure shown in Fig. IF minus 
10 the FET device 18. Specifically, Fig. 1G shows only the 

Jg bipolar device region and the poly-poly capacitor region 

=n of the structure after completion of each region. As is 

^ shown in Fig. 1G, spacers 56 may optionally be formed on 

CH exposed edges of the poly-poly capacitor by first 

rj5 depositing an insulator layer such as Si 3 N 4 and then 

etching the same. It should be noted that the processing 
; as ? steps used in completing the bipolar device and the poly- 

□ P°ly capacitor do not affect the FET device of the 

M= structure . 

Silicide regions are then formed in selected areas of the 
bipolar/FET devices using conventional salicide processes 
well known to those skilled in the art. 

25 Next, a passivation layer and a dielectric layer may be 

formed over the FET and bipolar devices and metal vias or 
contact studs are formed through those layers to metal 
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polysilicon contacts. Conventional deposition processes 
are used in forming the passivation and dielectric layers 
and the contact openings are formed by conventional 
lithography and etching. The contact openings are filled 
5 utilizing a conventional deposition process and # if 

needed, a conventional planarization process is employed. 

Any conventional passivation material such as Si 3 N 4 or a 
polyimide may be employed in forming the passivation 
10 layer; and any conventional dielectric material such as 

"q Si0 2 or Si 3 N 4 may be employed in forming the dielectric 

j*n layer. Insofar as the contact studs are concerned, any 

!-a conventional conductive metal such as Ti, W, Cu, Cr and 

01 Pt may be employed in the present invention. Next, the 

;'I5 devices are contacted with metal contacts and back end of 

the line processing is used to complete fabrication of 
! 8s f the device. 

i :: J= Fig. 2 is a top view of the poly-poly capacitor shown in 

Fig. 1G after metal contacts 58 have been formed thereon. 
In this figure, the poly-poly capacitor comprises bottom 
polysilicon layer 26 and doped SiGe polysilicon layer 42 
as the top plate of the capacitor. Fig. 3 is a cross - 
sectional view through A-A' of Fig. 2. As is shown in 

25 Fig. 3, the poly-poly capacitor comprises substrate 10, 

STI region 12, bottom plate 26, bottom insulator layer 32 
and top plate 42. Spacers 28 and 56 are shown on exposed 
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edges of the poly-poly capacitor; the spacers serve to 
electrically isolate the top plate from the bottom plate 
of the capacitor. 

5 It is emphasized that the poly-poly capacitor of the 

present invention includes at least one plate electrode 
that contains SiGe polysilicon. In some embodiments of 
the present invention both of the electrodes are composed 
of SiGe polysilicon. 

1° 

While this invention has been particularly shown and 
LH described with respect to preferred embodiments thereof, 

it will be understood by those skilled in the art that 
□l the foregoing and other changes in forms and details may 

ff5 be made without departing from the spirit and scope of 

the present invention. It is therefore intended that the 

present invention not be limited to the exact forms and 
'p. details described and illustrated, but fall within the 

I s - scope of the appended claims. 
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